Repair of large articular osteochondral defects using hybrid scaffolds and bone marrow-derived mesenchymal stem cells in a rabbit model.
In order to evaluate the repair potential in large osteochondral defects on high load-bearing sites, a hybrid scaffold system was made of three-dimensional porous Polycaprolactone (PCL) scaffold for the cartilage and tricalcium phosphate-reinforced PCL for the bone portion. Osteochondral defects of 4-mm diameter x 5.5-mm depth were created in the medial femoral condyle of adult New Zealand White rabbits. The defects were treated with hybrid scaffolds without cells (control group) or seeded with allogenic bone marrow-derived mesenchymal stem cells (BMSC) in each part (experimental group) by press-fit implantation. Implanted cells were tracked using Adeno-LacZ labeling. Repair tissues were evaluated at 3 and 6 months after implantation. Overall, the experimental group showed superior repair results as compared to the control group using gross examination, qualitative and quantitative histology, and biomechanical assessment. With BMSC implantation, the hybrid scaffolds provided sufficient support to new osteochondral tissues formation. The bone regeneration was consistently good from 3 to 6 months with firm integration to the host tissue. Cartilage layer resurfacing was more complicated. All of the samples showed cartilage tissues mixed with PCL scaffold filaments at 3 months. Histology at 6 months revealed some degradation phenomenon in several samples whereas others had a good appearance; however, the Young's moduli from the experimental group (0.72 MPa) approached that of normal cartilage (0.81 MPa). In vivo viability of implanted cells was demonstrated by the retention for 6 weeks in the scaffolds. This investigation showed that PCL-based hybrid scaffolds with BMSC may be an alternative treatment for large osteochondral defects in high-loading sites.